This paper describes the analytical approach developed by the California Department of Water Resources (DWR) to evaluate the performance of alternative regional resource management strategies in meeting future water management objectives as part of the 2013 Update of the California Water Plan. The California Water Plan, mandated by state law and updated every five years, is used to guide regional and statewide water policy decisions. An overview is provided of the Plan of Study DWR developed through a rigorous public outreach process to look out to the year 2050 to define multiple plausible future scenarios that consider how future population growth, development patterns, a changing climate and other uncertainties interact to affect water management. The Water Plan has identified thirty resource management strategies that California's regions can invest in to help reduce water demand, improve operational efficiency and water transfers, increase water supply, improve flood management, improve water quality, and practice resource stewardship. The evaluation of these strategies in Update 2013 will provide decision support and guidance to California's regions and the State legislature about promising investments to improve water management in California.
INTRODUCTION
The California Water Plan, mandated by state law and updated every five years, is used to guide regional and statewide water policy decisions. DWR is working collaboratively through a rigorous public outreach process to look out to the year 2050 to define multiple plausible future scenarios that consider how future population growth, development patterns, a changing climate and other uncertainties interact to affect water management. As part of this effort, DWR has supported the development of an analytical framework that will help to evaluate the performance of alternative resource management strategies. One goal of this work is to provide guidance to California's Regions so they can carefully evaluate strategy costs, benefits, and tradeoffs in a thoughtful and collaborative way to choose cost effective and robust strategies.
UNCERTAINTIES AFFECTING FUTURE WATER MANAGEMENT
Since Update 2005 ( See DWR 2005 , 2010 , the California Water Plan has used the concept of multiple future scenarios to capture a broad range of uncertain factors that affect water management, but over which water managers have little control. Scenarios are used to test the robustness of strategies by evaluating how well strategies perform across a wide range of possible future conditions. Robust strategies are those that perform sufficiently well in meeting water management objectives across many scenarios. The Water Plan organizes scenarios around themes of population growth, land use patterns, and climate change. Growth scenarios characterize a range of uncertainty surrounding how cities and other land managers will accommodate future population growth through infill development or expansion into areas of existing open space and agriculture. Climate scenarios explore how future climate change might influence timing, distribution, and amount of precipitation, storm runoff and water requirements.
Growth Scenarios
Future water demand is affected by a number of factors like population growth, planting decisions by farmers, and size and type of urban landscapes. Water Plan Update 2013 quantifies several factors that together provide a description of future growth and how growth could affect water demand for the urban and agricultural sectors. Growth factors are varied between the scenarios to describe some of the uncertainty faced by water managers. For example, no one can predict future population growth, so the Water Plan uses three different, but plausible population growth estimates when determining future urban water demands. In addition, the Water Plan considers up three different alternative views of future development density. Population growth and development density will reflect how large the urban landscape will become in 2050 and is used by the Water Plan to quantify encroachment into agricultural lands. Table 1 identifies the growth scenarios relative to current trends using information from the Department of Finance (DOF 2012) and Institute of California (PPIC 2008) For Update 2013, DWR worked with researchers at the University of California, Davis to quantify how California might grow through 2050. The UPlan model (Johnston et al, 2003) was used to estimate a year 2050 urban footprint under the scenarios of alternative population growth and development density listed in Table 2 . UPlan applies Geographic Information System technology with rules describing where future growth might occur to quantify the land area devoted to urban uses. Locations for future growth follow local General Plan rules as well as attractors to growth like roads and distracters to growth like land use restrictions. Table 2 describes the amount of land devoted to urban use for 2006 and 2050 and the change in the urban footprint for California under each scenario. Table 3 describes how future urban growth could impact the land devoted to agriculture in 2050. Irrigated land area is the total agricultural footprint. Irrigated crop area is the cumulative area of agriculture considering that many parts of the state plant and harvest more than one crop per year, known as multi-crop area. Each of the scenarios shows a decline in irrigated acreage over existing conditions, but to varying degrees. Published version can be downloaded from http://cedb.asce.org/cgi/WWWdisplay.cgi?304367
Future Environmental Requirements
The Water Plan uses currently unmet environmental objectives as a surrogate to estimate new requirements that may be enacted in the future to protect the environment or new ecosystem restoration actions implemented for example, under an integrated regional water management plan. These unmet objectives are instream flow needs or additional deliveries to managed wetlands that have been identified by regulatory agencies or pending court decisions, but are not yet required by law. For Update 2013 the Water Plan has identified the following unmet objectives.
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EVALUATING RESOURCE MANAGEMENT STRATEGIES FOR THREE HYDROLOGIC REGIONS
Throughout development of Update 2013 DWR has worked with the Statewide Water Analysis Network (SWAN serves as the technical advisory committee for the Water Plan) to develop methods to regionally quantify and evaluate the costs, benefits, and tradeoffs of different resource management strategies through the application of the Water Evaluation And Planning (WEAP) modeling platform. The Water Plan is testing the evaluation methods by focusing on the three hydrologic regions capturing the Central Valley: The Sacramento River, San Joaquin River, and Tulare Lake Hydrologic Regions (see Figure 3) . The proposed analysis for these three regions has been documented in the Plan of Study for Update 2013 (DWR 2012) . 
Figure 4 Conceptual Model of Water Management System
Published version can be downloaded from http://cedb.asce.org/cgi/WWWdisplay.cgi?304367 (Lempert et al., 2003) , summarizes these elements and is designed to clearly distinguish among the uncertain factors (X) that are used to develop the uncertain scenarios; the water management strategies or levers (L) that comprise the response packages; the performance metrics (M) that are used to evaluate and compare response packages; and the relationships (R) among these elements that are reflected in the planning models. DWR used this matrix when developing the scoping of the analysis and communicating it to stakeholders. See the Plan of Study for a detailed description of each factor shown in Table 4 .
WEAP is used to represent both the physical water management system and existing and potential resource management strategies. The physical water management system is represented by estimates of current and future precipitation, runoff to streams and rivers, flows into surface reservoirs, and many other components represented conceptually in Figure 4 . Published version can be downloaded from http://cedb.asce.org/cgi/WWWdisplay.cgi?304367
Management Response Packages
As described in the Plan of Study, Update 2013 evaluates several management response packages, each comprised of a mix of resource management strategies that are implemented at specific levels and locations. The focus of this analysis will be for the Sacramento River, San Joaquin River, and Tulare Lake Hydrologic Regions, and will include strategies that are regionally significant. For example, a response package could include improvements in urban water use efficiency that is specified to increase to 20 percent savings by 2020, additional groundwater storage, or increasing water for ecosystem restoration.
These response packages will not represent a definitive set of alternatives; rather illustrate different levels of strategy diversification that could be taken to address water management challenges. Each response package emphasizes one or more of the strategy categories. Table 5 lists a preliminary proposal for the relative levels of strategy emphasis by category for seven response packages. The corresponding implementation rules for each strategy are under development. Additional response packages may be developed that are specifically tailored to address the vulnerabilities of currently planned management. 
Work-in-Progress
At the time of writing this paper the authors were conducting initial analysis of the currently planned response package described in Table 5 for the Sacramento River, San Joaquin River, and Tulare Lake Hydrologic Regions (See Figure 3) . These results will provide the basis for a vulnerability analysis for water conditions through the year 2050 without significant investment in new strategies. During the first quarter of 2013 the Water Plan will be present these initial results through stakeholder meetings while work continues to complete the analysis of all response packages shown in Table 5 for the Sacramento River, San Joaquin River, and Tulare Lake Hydrologic Regions. When completed, the analysis will evaluate the performance of all strategies shown in Table 5 with respect to the performance metrics shown in Table 4 .
Limitations of Future Water Management Analysis for Update 2013
The analysis of resource management strategies developed for Update 2013 can allow comprehensive analysis of strategy performance when conducted at sufficient detail. However, all technical endeavors are subject to the limits of the particular technology being used and the financial resources available. Below are some of the important limitations identified for the analysis used for Update 2013.  For Update 2013, DWR is testing the more comprehensive analysis described in this paper for the Sacramento River, San Joaquin River, and Tulare Lake Hydrologic Regions. The analysis for the remaining 7 hydrologic regions in California will be coarser and focus on quantifying future water demands under alternative future scenarios similar to the analysis performed for Update 2009.  Many of the resource management strategies identified in the Water Plan can be represented in the Update 2013 application of WEAP, particularly those related to the water management objectives to reduce water demand, improve operational efficiency and transfers, and increase water supply. However, the analysis for Update 2013 will have limited or no ability to quantify strategies that improve flood management, improve water quality, and practice resource stewardship. These will be considered as part of future enhancements to the analytical framework.  The analysis for Update 2013 will quantify some of the resource management strategy benefits for providing a supply benefit, improving drought preparedness, environmental benefits, operational flexibility and efficiency, and reducing groundwater overdraft. There is limited or no ability to quantify benefits for improving water quality, reducing flood impacts, energy benefits, and recreational opportunities; however, these may be described qualitatively. Quantifying these other benefits will be considered as part of future enhancements to the analytical framework.  The conceptual water management system in Figure 4 captures many of the hydrologic and water management components that are represented in the
